Scientific evidence has suggested that genetic factors accounted for more than half of the vulnerability of developing alcohol use problems. However, collecting genetic data poses a significant challenge for most population-based behavioral studies. The aim of this study was to assess the utilities of a pedigree-based proxy measure of genetic predisposition of drinking (GPD) and its effect on alcohol use behaviors as well as its interactions with personal and environmental factors. In the current study, cross-sectional data were collected from 700 female sex workers (FSW) in Guangxi, China. Participants provided information on a pedigree-based proxy measure of GPD and their alcohol use behaviors. Chi-square and independent t-test was applied for examining the bivariate associations between GPD and alcohol use behaviors; multivariate and ordinal regression models were used to examine the effect of GPD on alcohol use. This study found that women with a higher composite score of GPD tended to have a higher risk of alcohol use problem compared to their counterparts (p < .05). GPD was a significant predictor of alcohol use problems (p < .05), especially among women who had mental health issues or lack of health cares. The pedigree-based measure provided a useful proxy of GPD among participants. Both FSW's mental health and health care access interact with GPD and affect their drinking patterns. By understanding the genetic basis of alcohol use, we can develop scalable and efficacious interventions that will take into consideration the individual risk profile and environmental influences.
Introduction
Alcohol use problem has been considered as a common but etiologically complex issue that is attributable to many individual and environmental factors (World Health Organization, 2014) . Scientific evidences have suggested that genetic factors accounted for more than half of the vulnerability of drinking problems (Ducci & Goldman, 2008) , and people's alcoholism is significantly associated with drinking problems of their family members sharing similar genotypes (Tabakoff et al., 2009 ). Research has shown conclusively that family history plays a key role in an individual's alcoholism (Enoch, 2013; Enoch & Goldman, 2001) .
Although the evidence of genetic root of alcohol use problem is compelling, collecting actual genetic data presents a significant challenge for many population-based behavioral studies, especially in the low-and middleincome countries. One possible solution to address this challenge is to use a pedigree-based measure as a proxy of GPD, as evidence indicates that biological family members and relatives may share similar genetic factors for alcoholism (Enoch & Goldman, 2001; Merikangas et al., 1998) .
In addition to individual genetic predisposition and biological mechanisms, people's drinking behaviors are also likely to be modified by environmental factors (NIAAA, 2014; Zhang et al., 2012; Zhang, Hong, Li, et al., 2015; Zhang, Li, Chen, et al., 2014) , where the synergies gained from the interaction of genetic and environmental factors accounted for a substantial proportion of alcohol use problems (Cadoret, Troughton, & O'Gorman, 1987) . Among alcohol users, a few groups are at particularly high risk (International Center for Alcohol Policy, 2011), including female sex workers (FSW) (Ross, Crisp, Mansson, & Hawkes, 2012) . Despite a growing number of studies examining drinking behaviors among FSW, evidence regarding the role of genetic factors in alcohol use among this at-risk population is scarce. Therefore, our study aims to investigate GPD, as well as its interaction with personal (e.g., mental health status) or environmental factors (e.g., access to health care), and how they are associated with FSW's drinking behaviors. We will also assess the utilities of a pedigree-based measure as a proxy for GPD as well as the environment in which the FSW were living.
Methods

Study design
The data collection procedure has been described elsewhere (Zhang, Li, Chen, et al., 2014; Zhang, Li, Hong, Su, & Zhou, 2014) . Briefly, we analyzed data from a cross-sectional study that was conducted in two major cities in Guangxi Province in 2008. Among 700 women who provided written consent forms and finished the self-administered survey, 673 (96.1%) provided complete data relevant to our research questions and were included in the current analysis. The Institute Review Boards at Wayne State University in the United States and Beijing Normal University in China approved the study protocol.
In the current analysis, the exposure variable is GPD, and the outcome variable is alcohol use that is measured by AUDIT, intoxication frequency, and days of drinking per week. Alcohol use behavior was measured by a validated 10-item Alcohol Use Disorders Identification Test (AUDIT) (Saunders, Aasland, Babor, de la Fuente, & Grant, 1993; World Health Organization, 2001) ; frequency of intoxication was measured by participants' reported frequency of intoxication in the past six months (e.g., never, occasionally, half of the time, most of the time, and almost all the time); drinking days per week was measured by the number of days participants drank alcohol in a typical week (e.g., 0-7 days). GPD is measured by a pedigree-based proxy indicator by asking participants if any of their blood-related family members and relatives (e.g., parents [first-degree]; siblings, aunts, uncles, and grandparents [second-degree]) were heavy drinkers. Both a composite score and a categorized closeness of the pedigree-based relatives were used in the analysis. Effect measure modification (EMM) is used to assess the different effects of exposure-outcome relationships within different levels of another variable (Baron & Kenny, 1986; Rothman, Greenland, & Lash, 2008) . Potential EMM in the current study included both mental health issues (e.g., depression, suicide tendency, illegal drug use, and smoking) and access to health care.
We employed chi-square and independent t-test to assess bivariate associations of outcome variables and exposure variable. A trend test has been also used to test if any significant trends can be detected across the closeness of relatives. Furthermore, we employed multivariate linear and ordinal regression models to examine associations of alcohol use and GPD by controlling potential confounders. Adjusted odds ratios (aOR) and coefficient (β) from the regression models and their 95% confidence intervals (95% CI) were used to depict the relationships. All statistical analyses were performed using STATA 13.0 (College Station, TX).
Results
The average AUDIT score was 8.4 (SD = 6.9) among the 673 included FSW. For FSW having both drinking firstand second-degree relatives, they had the highest AUDIT score (p < .05). In addition, significant increasing trends of the AUDIT score and intoxication frequency have been observed across the closeness of the pedigree-based relatives (p for trend < .05).
Women with a higher composite score of GPD tend to have a higher risk of drinking problems compared to their counterparts. GPD was positively associated with a higher AUDIT score no matter whether FSW had regular health check-ups or gynecological exams or not. Similarly, the effect on days of drinking per week was the same among women with or without gynecological check-ups. FSW with mental health problems and who lacked health care were more likely to report alcohol use problems.
Discussion
Findings in the current study confirm the significant association between GPD and alcohol use among FSW. Furthermore, both FSW's mental health status and access to health care differentiate the relationship between GPD and their drinking patterns. These findings can inform that FSW's drinking behaviors closely interact with both personal and environmental factors. Alcohol use risk reduction intervention programs should be incorporated with universal health care programs including both mental and physical health, as drinking problems among women with GPD may be prevented by participating in mental health counseling or having health check-ups. On the other hand, GPD did not interact with some factors related to FSW's mental health or access to health care. In virtue of FSW with GPD being more inclined to develop severe drinking problems during their personal or career life (Kareken et al., 2010; Tabakoff et al., 2009; Zhang et al., 2012; Zhang, Hong, Li, et al., 2015) , early detection can initiate prompt interventions and prevent these women from developing alcohol use problems at the initial stage of their sex career.
A few limitations should be considered when interpreting results in the current study. First, although the pedigree-based measure can serve as a proxy for GPD, we did not collect other biological or genetic data related to alcohol use (e.g., biomarkers) to validate this measure. Second, participants were recruited from cities in southeast China. The sample might not be representative of FSW in other areas of China. Third, due to the illegal and highly stigmatized status of sex work in China, our data are subject to socially desirable reporting. The self-reported data may also suffer recall bias.
The current study is the first study to investigate the impact of GPD on FSW's drinking behaviors, and examine its interaction with both women's mental health and access to health care. It also validates the pedigree-based measure as a useful proxy of GPD as well as the interaction with environment in which these participants were living. As no existing studies have directly examined the GPD in Chinese settings yet, we can employ this measure in China as well as other resource-limited settings in future research to explore the role of genetic factors. This study sheds light on research for exploring the associations between genetic predisposition and their risky behaviors among this vulnerable group as well as among general populations in China and other international settings (Roman, Zepeda-Carrillo, Moreno-Luna, & Panduro, 2013) .
